INTRODUCTION
While many epidemiological studies indicate that smokers tend to weigh less than nonsmokers1,2) and that weight gain follows smoking cessation3), several studies show that heavy smokers are more obese than moderate smokers4,5). Therefore, the relationship between weight and cigarette consumption may not be monotonic.
People in general simply believe that smoking is effective in weight reduction, and consequently fear of gaining weight becomes a strong disincentive to stop smoking6). The present study attempts to investigate the relationship between smoking and body weight in healthy male subjects controlled for factors known to be confounded with smoking status and with body weight.
MATERIALS AND METHODS
Of the 42,000 persons who attended the Shizuoka Medical Center for adult health examination between 1981 and 1986, 2,146 adult males were selected for study considering several possible confounding factors: age, sex, drinking habits, health condition, and occupation. They were all those who satisfied the criteria for selecting subjects. They were mostly white-collar workers in clerical and sales occupations, aged 35-49 years, male, not habitual drinkers, and their clinical and laboratory tests revealed no abnormal findings in any part of the body. They came for examination between 8:00 and 9:00a.m. and were asked to refrain from having breakfast and from smoking at least for one hour prior to the examination. Height and weight were recorded to the nearest millimeter and 0.1kg by a nurse with the subjects dressed in examinig gowns and without shoes. Triceps and subscapular skinfold measurements were made in the standard manner using an Eiken-type skinf old caliper (Meikosha Ltd., Tokyo), and recorded to the nearest millimeter. The sum of the two skinfolds (triceps and subscapular) was employed as a measure of adiposity. Biochemical analyses of serum were done on a 16-channel auto-analyzer (Hitachi Model 726, Hitachi Ltd., Tokyo).
The carboxyhemoglobin concentration was determined by automatic spectrophotometry (IL 282 co-oximeter, Instrumentation Laboratory Inc., Lexington, Mass.). Information about the age, sex, smoking and drinking habits, and occupation of the subjects was obtained by a self-administered questionnaire which, when completed, was reviewed by an interviewer. For the present study, cigarette smoking was categorized into seven levels: never smoked (nonsmoker), ex-smoker, current smoker of 10 cigarettes or less per day, 11-20 cigarettes per day, 21-30 cigarettes per day, 31-40 cigarettes per day, and 41 cigarettes or more per day. Statistical analyses were carried out using the Statistical Package Facom OS IV Analyst (Fujitsu Ltd., Tokyo).
Lower and upper limits of 95 percent confidence intervals for the laboratory and anthropometric variables by smoking category were calculated.
If the intervals are non-overlapping, then significant differences exist between two groups at a 5 percent level of significance.
RESULTS
Means, standard deviations and the 95 percent confidence intervals for each smoking class intersec- Table 1 Lower and upper limits of 95% confidence intervals, means and standard deviations for anthropometric and laboratory variables by smoking category. tion are given in Table  1 .
There was a stepwise rise in the mean carboxyhemoglobin level with increasing cigarette consump-tion. These results indicated that the questionnaire had been accurately written by the subjects. Mean ages for each smoking class were almost the same. Mean values of SUA yielded essentially the same results as shown in skinfolds. A positive correlation between SUA and skinfold thickness has been repeatedly shown by other authors8,9). On the other hand, BUN showed a different distribution within the smoking category, with BUN levels declining as the amount smoked increased except for smokers of 11-20cig/day (Fig. 1e) . Urea is the chief end product of protein metabolism and normally is excreted entirely by the kidneys. Hence, its blood concentration is directly related to the protein content of the diet and the renal excretory capacity, and the rich protein eater has a higher BUN level than the poor one10). Many observations have shown that the BUN level is lowered by the administration of growth hormone or anabolic steroids, with a rise in anabolism11,12). When the body protein mass as nitrogen storage increases, the BUN level decreases.
An increase of nitrogen storage for the growth of a fetus has been considered as a possible explanation of the low BUN level in pregnant women.
Growth hormone is affected by cigarette smoking.
Some experiments showed a rise in plasma growth hormone after smoking13,14); Sandberg et al. 13 )reported that male volunteers (habitual smokers) who smoked three cigarettes in rapid succession demonstrated a rise in growth hormone which peaked in 30 minutes and subsided in about 1 hour. Years ago, it was thought that smokers consumed less food than nonsmokers owing to the effects of smoking, which inhibited the hunger drive arising from gastric contractions5).
Recent studies, however, indicate that smokers eat more than their nonsmoking counterparts5,16); Jacobs et al. 5)reported that smokers of 15-29cig/day generally consume at least as many or more calories as those who never smoked. Considering these findings, it is possible that the rise of the BUN level in smokers of 11-20cig/day might be a reflection of an increase of protein intake following the increase of food comsumption.
The ratio of BUN level to serum creatinine showed a Among smokers, mean values of body weight increased with the increase in the amount smoked per day. Smokers of 21-30 cigarettes per day (cig/day), 31-40cig/day and 41 or more cig/day were 0.6kg, 1.3kg and 2.5kg heavier than nonsmokers, respectively. The same dose response relationships as shown in body weight were observed in mean values of the sum of the triceps and subscapular skinfolds and body-mass index (weight/height2). Three non-protein nitrogen components, serum creatinine, serum uric acid and blood urea nitrogen, showed a different distribution within smoking categories; i. e., serum creatinine varied little between smoking categories; in serum uric acid a V-shaped curve existed with the smoking class of 11-20cig/day having the smallest average, and in blood urea nitrogen there was a "dose -response" gradient in that heavier smokers had lower urea levels .
From these data, it was suggested that body weight in smokers who smoked more than one pack of cigarettes per day generally tended to increase in part because of hormonal response to cigarette smoke.
